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(54) HANDLING SYSTEM, INSTRUCTION DEVICE, HANDLING METHOD, PROGRAM, AND

STORAGE MEDIUM

(57)  According to one embodiment, a handling sys-
tem (1) includes a first mobile robot (11), a first transfer
robot (21), and a picking robot (31). The first mobile robot
(11) transports a first container (C1) out of a loading lo-
cation of the first container (C1). An article (B1) is stored
in the first container C1). The first transfer robot (21)
transfers the first container (c1) from one of the first mo-
bile robot (11) or a first loading platform (41) to the other
of the first mobile robot (11) or the first loading platform
(41). The picking robot (31) moves the article (B1) from
the first container (C1) placed on the firstloading platform
(41) to a second container (C2) placed on a second load-
ing platform (42).
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Description
FIELD
[0001] Embodiments described hereinrelate generally

to a handling system, an instruction device, a handing
method, a program, and a storage medium.

BACKGROUND

[0002] There are handling systems that transport con-
tainers and move articles stored in the containers to other
containers. Such systems have a need for technology
that can reduce the time necessary for handling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

FIG. 1is a schematic view illustrating a handling sys-
tem according to an embodiment;

FIGS. 2A to 2C are perspective views illustrating
specific examples of a mobile robot;

FIG. 3is aperspective view showing another specific
example of a mobile robot;

FIG. 4 is a perspective view illustrating a specific
example of a transfer robot;

FIGS. 5A and 5B are perspective views illustrating
specific examples of a transfer robot;

FIGS. 6A and 6B are perspective views illustrating
specific examples of a transfer robot;

FIG. 7 is a perspective view illustrating a specific
example of a picking robot;

FIGS. 8 is a table illustrating a specific example of
data related to articles;

FIGS. 9 is a table illustrating a specific example of
data related to articles;

FIG. 10 is a specific example of an order list;

FIGS. 11Ato 11D are schematic views for describing
a rule related to the instruction;

FIGS. 12A to 12D are schematic views for describing
a rule related to the instruction;

FIG. 13 is a timing chart showing the timing of the
processes shown in FIGS. 11A to 11D and FIGS.
12A to 12D;

FIGS. 14A to 14D are schematic views for describing
a rule related to the instruction;

FIGS. 15A to 15D are schematic views for describing
a rule related to the instruction;

FIG. 16 is a timing chart showing the timing of the
processes shown in FIGS. 14A to 14D and FIGS.
15A to 15D;

FIGS. 17A to 17D are schematic views for describing
a rule related to the instruction;

FIGS. 18Ato 18D are schematic views for describing
a rule related to the instruction;

FIG. 19 is a timing chart showing the timing of the
processes shown in FIGS. 17A to 17D and FIGS.
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18A to 18D;

FIGS. 20A to 20D are schematic views for describing
rules related to the instruction;

FIGS.21Ato 21D are schematic views for describing
rules related to the instruction;

FIG. 22 is a timing chart showing the timing of the
processes shown in FIGS. 20A to 20D and FIGS.
21Ato 21D;

FIG. 23 is a timing chart when the fifth rule and the
sixth rule are not applied;

FIG. 24 is a schematic view showing a specific ex-
ample of the handling system according to the em-
bodiment;

FIG. 25 is a schematic view showing a specific con-
figuration of the instruction device of the handling
system according to the example;

FIG. 26 is a flowchart showing processing according
to the handling system according to the example;
FIG. 27 is a flowchart showing a method for gener-
ating a processing list;

FIG. 28 is a flowchart showing a method for optimiz-
ing the processing list;

FIGS. 29A and 29B are data for describing a specific
example of optimization;

FIG. 30 is data for describing a specific example of
optimization;

FIG. 31 is data for describing a specific example of
optimization;

FIG. 32 is data for describing a specific example of
optimization;

FIG. 33 is data for describing a specific example of
optimization;

FIGS. 34A and 34B are data for describing a specific
example of optimization;

FIGS. 35A and 35B are data for describing a specific
example of optimization;

FIG. 36 is data for describing a specific example of
optimization; and

FIG. 37 is a schematic view illustrating a hardware
configuration.

DETAILED DESCRIPTION

[0004] According to one embodiment, a handling sys-
tem includes a first mobile robot, a first transfer robot,
and a picking robot. The first mobile robot transports a
first container out of a loading location of the first con-
tainer. An article is stored in the first container. The first
transfer robot transfers the first container from one of the
first mobile robot or a first loading platform to the other
of the first mobile robot or the first loading platform. The
picking robot moves the article from the first container
placed on the first loading platform to a second container
placed on a second loading platform.

[0005] Various embodiments are described below with
reference to the accompanying drawings.

[0006] The drawings are schematic and conceptual;
and the relationships between the thickness and width
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of portions, the proportions of sizes among portions, etc.,
are not necessarily the same as the actual values. The
dimensions and proportions may be illustrated differently
among drawings, even for identical portions.

[0007] In the specification and drawings, components
similar to those described previously are marked with like
reference numerals, and a detailed description is omitted
as appropriate.

[0008] FIG. 1isaschematicview illustrating a handling
system according to an embodiment.

[0009] As illustrated in FIG. 1, the handling system 1
according to the embodimentincludes a first mobile robot
11, a second mobile robot 12, a first transfer robot 21, a
second transferrobot 22, a picking robot 31, afirstloading
platform 41, a second loading platform 42, and an in-
struction device 90.

[0010] The first mobile robot 11 transports a first con-
tainer out of a loading location at which the first container
is loaded. An article is stored in the first container. One
first container may store multiple articles of one type, and
may store multiple types of articles. The first mobile robot
11 may be capable of transporting only one first container
at a time, or may be capable of transporting multiple first
containers at a time. For example, the first mobile robot
11 may transport a shelf storing multiple first containers.
The first mobile robot 11 transports the first container by
moving while holding the shelf or the first container. The
first mobile robot 11 transports the first container to the
location at which the first transfer robot 21 is installed.
[0011] Thefirst transfer robot 21 transfers the first con-
tainer from one of the first mobile robot 11 or the first
loading platform 41 to the other of the first mobile robot
11 or the first loading platform 41. In other words, the first
container that stores the article to be picked is transferred
by the first transfer robot 21 from the first mobile robot
11 to the first loading platform 41. Also, after the picking
is completed, the first transfer robot 21 transfers the first
container from the first loading platform 41 to the first
mobile robot 11.

[0012] Thefirstloading platform 41 can receive the first
container. For example, the first transfer robot 21 can
transfer one first container at a time. For example, the
firstloading platform 41 can receive multiple first contain-
ers. Or, multiple first loading platforms 41 that can each
receive one first container may be included.

[0013] The picking robot 31 moves the article from the
first container to the second container. More specifically,
the picking robot 31 picks up the article from the first
container and loads the article into the second container.
[0014] Herein, the pickup and loading of articles by the
picking robot 31 is called "picking" of the articles. The
series of processing that includes the transport of the first
container by the first mobile robot 11, the transfer of the
first container by the first transfer robot 21, the picking
by the picking robot 31, the transfer of the second con-
tainer by the second transfer robot 22, and the transport
of the second container by the second mobile robot 12
is called "handling" of the articles.
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[0015] The second containercan beloaded onthe sec-
ond loading platform 42. The picking robot 31 may be
capable of picking only one article at a time, or may be
capable of picking multiple articles atatime. Forexample,
multiple second containers can be loaded on the second
loading platform 42. Or, multiple second loading plat-
forms 42 that can each receive one second container
may be included.

[0016] The second transfer robot 22 transfers the sec-
ond container from one of the second mobile robot 12 or
the second loading platform 42 to the other of the second
mobile robot 12 or the second loading platform 42. In
other words, the second container in which the article is
stored is transferred by the second transfer robot 22 from
the second mobile robot 12 to the second loading plat-
form 42. Also, the second container into which a picked
article has been stored s transferred by the second trans-
fer robot 22 from the second loading platform 42 to the
second mobile robot 12.

[0017] The second mobile robot 12 moves while hold-
ing the second container in which the article is stored.
The second container is thereby transported by the sec-
ond mobile robot 12. For example, the second mobile
robot 12 can transport multiple second containers at a
time. The second mobile robot 12 transports the multiple
second containers from the installation location of the
second transfer robot 22 is to another location.

[0018] The instruction device 90 transmits an instruc-
tion to the first mobile robot 11, the second mobile robot
12, the first transfer robot 21, the second transfer robot
22, and the picking robot 31. The first mobile robot 11,
the second mobile robot 12, the first transfer robot 21,
the second transfer robot 22, and the picking robot 31
operate according to the instruction from the instruction
device 90.

[0019] Inthe example of FIG. 1, first containers C1 are
loaded on shelves A. The first containers C1 may be
placed on the floor. Each of the multiple first mobile robots
11 transports the multiple first containers C1 stored in a
portion of the multiple shelves A to the location of the first
transfer robot 21. Each of the first mobile robots 11 may
transport the multiple first containers C1 by transporting
one shelf A.

[0020] In one transfer, the first transfer robot 21 trans-
fers one of the multiple first containers C1 transported
by one of the first mobile robots 11 to the first loading
platform 41.

[0021] Two first container C1 can be loaded on the first
loading platform 41. Two second container C2 can be
loaded on the second loading platform 42. In an operation
thatincludes one picking, the picking robot 31 moves one
article from one of the first containers C1 loaded on the
first loading platform 41 to one of the second containers
C2 loaded on the second loading platform 42.

[0022] Each of the multiple second mobile robots 12
transports the multiple second containers C2 to the lo-
cation of the second transferrobot 22. Each of the second
mobile robots 12 may transport the multiple second con-



5 EP 4 112 236 A1 6

tainers C2 by transporting one shelf.

[0023] In one transfer, the second transfer robot 22
transfers one of the second containers C2 loaded on the
second loading platform 42 to one of the second mobile
robots 12.

[0024] FIGS. 2A to 2C are perspective views illustrat-
ing specific examples of a mobile robot. A shelf, the first
container, or the second container can be placed on the
upper portion of the mobile robot 100 shown in FIG. 2A
and transported by the mobile robot 100. The mobile ro-
bot 100 includes a vehicle body 101, a holder 102, a
running part 103, and a detector 104.

[0025] The holder 102 is located at the upper portion
of the vehicle body 101. The holder 102 can move verti-
cally with respect to the vehicle body 101. The running
part 103 includes a motor, wheels, etc., that propel the
vehicle body 101. The detector 104 detects the shelf, the
container, or the like to be transported. The detector 104
includes a sensor such as a camera, etc. The detector
104 may include a distance sensor, etc.

[0026] When transporting a shelf A1 as shown in FIG.
2B, the mobile robot 100 moves under the shelf A1. The
holder 102 is raised to support the shelf A1 from below.
The shelf A1 can be transported in this state by the op-
eration of the running part 103. As shown in FIG. 2C, the
holder 102 may support a container C from below. The
container C is the first container or the second container.
[0027] FIG. 3 is a perspective view showing another
specific example of a mobile robot.

[0028] The mobile robot 110 shown in FIG. 3 includes
a vehicle body 111, a storage part 112, a feeder 113, a
drive mechanism 114, a running part 115, and a detector
116. The storage part 112 is located on the vehicle body
111. The storage part 112includes multiple storage spac-
es arranged in the vertical direction, and the container C
can be stored in each of the spaces. The container C is
the first container or the second container. The feeder
113 feeds the container C from one of a shelf A2 or the
storage part 112 to the other of the shelf A2 or the storage
part 112. The drive mechanism 114 drives the feeder 113
along the vertical direction. The running part 115 includes
a motor, wheels, etc., that propel the vehicle body 111.
The detector 116 detects the shelf, the container, or the
like tobe transported. The detector 116 includes a sensor
such as a camera, etc. The detector 116 may include a
distance sensor, etc.

[0029] Forexample, whenfeedingthe container C from
the shelf A2, the mobile robot 110 operates the drive
mechanism 114 to position the feeder 113 at the same
height as the container C. The feeder 113 removes the
container C from the shelf A2. The drive mechanism 114
drives the feeder 113 along the vertical direction to po-
sition the container C at the same height as a prescribed
storage space. The feeder 113 stores the container C in
the storage space. The mobile robot 110 can store and
transport the multiple first containers in the storage part
112. Similarly, the mobile robot 110 can store and trans-
port the multiple second containers. The second contain-
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ers that are to be transported can be transferred by the
mobile robot 110 to the shelf. Thereby, the second con-
tainers can be stored on the shelf.

[0030] The mobile robot 100 or 110 illustrated in FIGS.
2A to 2C or FIG. 3 can be used as the first mobile robot
11 or the second mobile robot 12. The mobile robots 100
and 110 are automatic guided vehicles (AGVs) that in-
clude a drive source and multiple rollers in the running
part. The mobile robots 100 and 110 travel along a guide
installed in the floor. Or, the mobile robots 100 and 110
may travel along a travel route set by the instruction de-
vice 90 or another computer. The mobile robots 100 and
110 may autonomously travel by using a sensor of the
detector to adapt to the surrounding conditions.

[0031] Otherthanthe examplesillustrated in FIGS. 2A
to 2C and FIG. 3, the first mobile robot 11 and the second
mobile robot 12 may be an automatic guided forklift, an
automatic guided crane, or a drone.

[0032] FIG.4,FIGS. 5A and 5B, and FIGS. 6A and 6B
are perspective views illustrating specific examples of
transfer robots.

[0033] A transfer robot 200 shown in FIG. 4 includes
a base 201, a drive mechanism 202, a manipulator 203,
and an end effector 210. The base 201 is installed on the
floor. The drive mechanism 202 is located on the base
201. The drive mechanism 202 drives the manipulator
203 along the vertical direction above the base 201. In
the example, the manipulator 203 is horizontally articu-
lated. The end effector 210 is mounted to the distal end
of the manipulator 203.

[0034] The end effector 210 includes a fork-shaped
support 211 and a gripper 212. The gripper 212 moves
horizontally over the support 211. The gripper 212 grips
the side surface of the container C. The support211 sup-
ports the container C from below. The container C is held
by the support 211 and the gripper 212. After being held,
the container C is transferred from one of the shelf A1 or
the loading platform 40 to the other of the shelf A1 or the
loading platform 40 by pushing the gripper 212 horizon-
tally with respect to the support 211 and by releasing the
grip. Multiple containers C can be loaded on the loading
platform 40. The loading platform 40 includes, for exam-
ple, a guide mechanism 40a. The guide mechanism 40a
allows precise positioning of the container C with respect
to the loading platform 40. The end effector 210 may hold
the container C by inserting the support 211 under the
container C or by clamping a portion of the container C.
[0035] The transfer robot 200 illustrated in FIG. 4 can
be used as the first transfer robot 21 or the second trans-
fer robot 22. The loading platform 40 can be used as the
first loading platform 41 or the second loading platform
42. Other thanthe example illustrated in FIG. 4, the trans-
fer robot 200 may include a vertical articulated robot, a
parallel link robot, or an orthogonal robot as the manip-
ulator 203. In the example shown in FIG. 4, the transfer
robot 200 transfers the container C between the loading
platform 40 and the shelf A1 transported by the mobile
robot 100. The transfer robot 200 also can transfer the
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container C between the loading platform 40 and the stor-
age part 112 of the mobile robot 110.

[0036] A transfer robot 220 shown in FIGS. 5A and 5B
includes a holding mechanism 221 and a drive mecha-
nism 222 for transferring the container between the mo-
bile robot and the loading platform 40. The transfer robot
220 also includes a drive mechanism 223, a sensor 224,
a sensor 225, and the loading platform 40. The holding
mechanism 221 is fork-shaped and holds the container
C by supporting the container C from below. The drive
mechanism 222 moves the holding mechanism 221
along the longitudinal direction. The drive mechanism
223 drives the holding mechanism 221 and the drive
mechanism 222 along the vertical direction. The sensor
224 detects that the container C has been transferred
between the mobile robot and the loading platform 40.
The sensor 225 detects that the article has been gripped
by the picking robot 31. The picking robot 31 may be
linked to the detection results of the sensors 224 and 225.
[0037] The following is an example when the transfer
robot 220 transfers one container C from a shelf being
transported by a mobile robot. The drive mechanism 223
positions the holding mechanism 221, the drive mecha-
nism 222, and the loading platform 40 at the same height
as the container C stored on the shelf. As shown in FIG.
5A, the drive mechanism 222 drives the holding mecha-
nism 221 frontward and inserts the holding mechanism
221 under the container C. The drive mechanism 222
drives the holding mechanism 221 backward and loads
the container C onto the loading platform 40. As shown
in FIG. 5B, the drive mechanism 223 moves the holding
mechanism 221 and the loading platform 40 along the
vertical direction. For example, the drive mechanism 223
positions the loading platform 40 at the height at which
the picking by the picking robot 31 is performed.

[0038] A transfer robot 230 shown in FIGS. 6A and 6B
includes a drive mechanism 231 for transferring the con-
tainer between the mobile robot and the loading platform
40. The transfer robot 230 also includes a drive mecha-
nism 232, a storage part 233, a drive mechanism 234, a
sensor 235, a sensor 236, and the loading platform 40.
As shown in FIG. 6B, the drive mechanism 231 transfers
the container C along the lateral direction between the
mobile robot 110 and the loading platform 40. The drive
mechanism 232 drives the loading platform 40 along the
vertical direction. The storage part 233 includes storage
spaces of the container C. The transfer robot 230 in-
cludes multiple storage spaces arranged in the vertical
and lateral directions. The drive mechanism 234 trans-
fers the container C along the longitudinal direction be-
tween the storage part 233 and the loading platform 40.
The sensor 235 detects that the container C has been
transferred between the storage part 233 and the loading
platform 40. The sensor 236 detects that the article has
been gripped by the picking robot 31. The picking robot
31 may be linked to the detection results of the sensors
235 and 236.

[0039] The transfer robot 230 includes an exchange
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mechanism 250 that includes the drive mechanism 232,
the storage part 233, and the drive mechanism 234. The
exchange mechanism 250 can exchange the container
C loaded on the loading platform 40. Specifically, the
exchange mechanism 250 stores the container C loaded
on the loading platform 40 in one of the storage parts
233. The container C that is stored in another storage
part 233 is placed by the exchange mechanism 250 on
the loading platform 40. The mobile robot 110 and the
drive mechanism 231 of the transfer robot 230 are in-
cludedin a shipping mechanism 251. The shipping mech-
anism 251 ships the container C to be shipped. Shipping
is the processing of transporting the container C storing
the article from the locations of the second mobile robot,
the second transfer robot, the second loading platform
42, etc., to a pickup pointat which packages to be shipped
are grouped.

[0040] The transfer robot 220 shown in FIGS. 5A and
5B or the transfer robot 230 shown in FIGS. 6A and 6B
may be used as the first transfer robot 21 or the second
transfer robot 22. The transfer robot 220 can easily trans-
fer the article from the shelf and is especially favorable
as the first transfer robot 21. The transfer robot 230 can
exchange the container C of the loading platform 40 and
is favorable as the second transfer robot 22.

[0041] FIG.7isaperspective view illustrating a specific
example of a picking robot.

[0042] The picking robot 300 shown in FIG. 7 includes
a manipulator 310 and an end effector 320. The manip-
ulator 310 is an articulated robot driven by multiple servo
motors. In the example shown in FIG. 7, the manipulator
310 is a vertical articulated robot with six axes, i.e., first
to sixth axes 311 to 316. The manipulator 310 may in-
clude a combination of at least two selected from a ver-
tical articulated robot, a horizontal articulated robot, a
linear robot, and a parallel link robot. The end effector
320 is mounted to the distal end of the manipulator 310.
[0043] The end effector 320 includes a suction pad
321, a bending axis 322, and a force sensor 323. The
suction pad 321 is located at the distal end of the end
effector 320 and grips the article. The suction pad 321 is
rotatable with respect to the distal end of the manipulator
310 by the bending axis 322 of the suction pad 321. The
force sensor 323 detects the contact of the end effector
320 with the article. Other than suction, the end effector
320 may grip the article by jamming, clamping, gripping
with a multi-finger mechanism, etc. The end effector 320
may be equipped with multiple techniques. More diverse
articles can be handled thereby.

[0044] The picking robot 300 is installed on a housing
301. Intheillustrated example, the end effector 320 holds
the article by gripping the upper surface of the article.
The picking robot 300 further includes a controller 330.
The controller 330 receives the instruction from the in-
struction device 90. The controller 330 performs the pick-
ing by controlling the picking robot 300 according to the
instruction transmitted from the instruction device 90.
Thereby, the picking is automatically performed by the
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picking robot 300. Picking includes the processing of re-
moving the article from the container C, placing the article
in a different container or tray, boxing the article, etc.
[0045] The picking robot 300 illustrated in FIG. 7 can
be used as the picking robot 31.

[0046] Otherthan the picking robot 300, the system for
picking includes sensors, the first loading platform 41,
the second loading platform 42, various sensors, power
supplies, cylinders, compressors, vacuum pumps, exter-
nal interfaces such as Ul and the like, safety mecha-
nisms, etc. The first container C1 that stores the article
to be picked is loaded onto the first loading platform 41.
The second container C2 into which the removed article
is to be stored is loaded onto the second loading platform
42. The power supply supplies electrical power to the
various drivers of the picking robot 300, etc. The cylinders
store compressed air. The safety mechanisms include,
for example, light curtains, collision detectors, etc.
[0047] For example, a sensor system 400 shown in
FIG. 7 is included. The sensor system 400 includes a
sensor 401, a sensor 402, a sensor 403, a sensor 404,
and a sensor 405. The sensor 401 is located above the
first loading platform 41 and measures the state inside
the first container C1. The sensor 402 is located above
the second loading platform 42 and measures the state
inside the second container C2. The sensor 403 is locat-
ed at the vicinity of the sensor 401 and measures the
object gripped by the manipulator 310. The sensors 401
to 403 are respectively supported by supports 41110 413.
The sensors 401 to 403 include sensors that can acquire
image information or three-dimensional information,
such as RGB image cameras, range image cameras,
laser rangefinders, light detection and ranging (LiDAR),
etc. The sensor 404 measures the weight of the first con-
tainer C1 loaded on the first loading platform 41. The
sensor 405 measures the weight of the second container
C2 loaded on the second loading platform 42.

[0048] As shown in FIG. 7, dedicated platforms may
be used as the first loading platform 41 and the second
loading platform 42. The holder 102 of the mobile robot
100 or the feeder 113 of the mobile robot 110 may be
utilized as the loading platform.

[0049] Forexample, the transport sequence of the first
container by the first mobile robot 11, the transport se-
quence of the second container by the second mobile
robot 12, the transfer sequence of the first container by
the first transfer robot 21, the transfer sequence of the
second container by the second transfer robot 22, and
the picking sequence by the picking robot 31 are instruct-
ed from the instruction device 90.

[0050] Advantages ofthe embodiments will now be de-
scribed.

[0051] To reduce the time necessary for handling arti-
cles, itis effective toreduce the standby time during which
robots are not operating. Generally, the transport of con-
tainers by mobile robots and the transfer of containers
by transfer robots require more time than the picking by
picking robots. If the transportation and transfer frequen-

10

15

20

25

30

35

40

45

50

55

cy of containers is high compared to picking, the standby
time of the picking robot is increased, and the handling
time is increased.

[0052] In the handling system 1 according to the em-
bodiment, the first transfer robot 21 transfers the first con-
tainer from one of the first mobile robot 11 or the first
loading platform 41 to the other of the first mobile robot
11 or the first loading platform 4 1. Then, the picking robot
31 moves the article from the first container placed on
the first loading platform 41 to the second container
placed on the second loading platform 42. By including
the first transfer robot 21 and the first loading platform
41, any of the first containers can be loaded onto the first
loading platform 41 even when the first mobile robot 11
such as the mobile robot 100 or 110 transports multiple
first containers. The picking robot 31 can automatically
pick articles from the loaded first container to the second
container. According to the handling system 1 according
to the embodiment, the processing necessary for the
handling of articles can be more automated, and human
work can be reduced.

[0053] Favorably, the first mobile robot 11 transports
multiple first containers storing multiple articles of mutu-
ally-different types. The number of times that the first
mobile robot 11 moves to transport the first container can
be reduced thereby, and the time necessary for handling
can be reduced.

[0054] Favorably, the instruction device 90 generates
instructions according to at least one selected from first
to sixth rules described below, and transmits the instruc-
tions to the robots. The standby time of the picking robot
31 can be reduced thereby, and the time necessary for
handling can be reduced.

[0055] The instruction device 90 generates the instruc-
tions according to the multiple rules while referring to
order lists and data related to the articles.

[0056] FIGS. 8 and 9 are tables illustrating specific ex-
amples of data related to the articles. Article manage-
ment data D1 illustrated in FIG. 8 includes the article ID,
the article name, the article information, the storage man-
agement information, etc. The article information in-
cludes the weight of the article and the size of the article.
The article management data D1 may further include fea-
tures of the article, etc. The storage management infor-
mation includes the quantity of the article and the storage
location of the article that is stored. Specifically, the stor-
age management information includes the shelf ID, the
sub-shelf ID, the container ID, and the sub-container ID.
The shelf ID is the identification number of the shelf stor-
ing the article. The sub-shelf ID is an identification
number that indicates the level of the shelf storing the
article. The container ID is the identification number of
the container stored on the shelf. The sub-container ID
is the identification number of the subdivided region in-
side the container. There are cases where the same ar-
ticle is stored at multiple locations, as in the case of the
article ID "MMMMO002".

[0057] Shelf management data S1 illustrated in FIG. 9
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includes the shelf ID, the shelf position information, and
the shelf status. The shelf position information includes
the floor ID, the area ID, the position, etc. The floor ID is
an identification number that indicates the floor on which
the shelfis placed. The area ID is an identification number
that indicates the position of the area within the floor. The
position shows the location of the shelves inside the area
as grid-like position information. The shelf status indi-
cates the state of the shelf. In the shelf status, the infor-
mation that indicates the state of the shelf as being mov-
able, already in transit due to a mobile robot, etc., is se-
quentially updated.

[0058] FIG. 10 is a specific example of an order list.
[0059] The order list L1 illustrated in FIG. 10 includes
the list number, the shipping box number, the destination
ID, the article number, the quantity, the shipping infor-
mation, the appurtenant information, etc. The shipping
box number includes the order number and the sub-
number. The sub-number is information for identifying
that the order is divided into multiple sub-parts. The des-
tination is identified by the destination ID. The shipping
information includes information such as the shipping
deadline, etc. The appurtenant information includes cau-
tionary information related to the handling of the ordered
articles, etc.

[0060] The instruction device 90 can use the article
management data D1 to search for the shelf and the con-
tainer that stores each article of the order list. Then, the
instruction device 90 can use the shelf management data
S1 to search for the position at which the shelf is placed.
Furthermore, the instruction device 90 can use the shelf
management data S1 to check whether or not the
searched shelf is movable, and can instruct the first mo-
bile robot 11 to transport the shelf.

[0061] FIGS. 11A to 11D and FIGS. 12A to 12D are
schematic views for describing a rule related to the in-
structions.

[0062] According to the first rule, the instruction of the
processing is an instruction to determine the sequence
so that articles from not less than two first containers are
moved to one second container placed on the second
loading platform. According to the second rule, the in-
struction of the processing is an instruction to determine
the sequence so that articles from one first container
placed on the first loading platform 41 are moved to mul-
tiple second containers. The first rule and the second rule
will now be described using FIGS. 11A to 12D.

[0063] The instruction device 90 refers to the article
data and the order list. According to the first rule, the
instruction device 90 searches for multiple articles includ-
ed in one order that are stored in multiple mutually-dif-
ferent first containers. As a result, for example, as illus-
trated in FIG. 11A, the first mobile robot 11a is instructed
to transport a container group including a first container
C1a. A first mobile robot 11b is instructed to transport a
container group including a first container C1b. Here, an
article B1 that is stored in the first container C1a and an
article B2 that is stored in the first container C1b are in-
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cluded in one order.

[0064] Asillustrated in FIG. 11B, the instruction device
90 transmits an instruction to the first transfer robot 21
totransferthefirst container C1ato afirstloading platform
41a. The instruction device 90 transmits an instruction
to the second transfer robot 22 to transfer one second
container C2ato a second loading platform 42a. The sec-
ond container C2a is associated with the one order.
[0065] Asillustratedin FIG. 11C, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B1 stored in the first container C1a to the sec-
ond container C2a. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1b to afirst loading platform 41b. The
instruction device 90 transmits an instruction to a first
mobile robot 11c¢ to transport a container group including
afirst container C1c to the location at which the first load-
ing platform 41a is installed.

[0066] Then, according to the second rule, the instruc-
tion device 90 searches for another order that includes
the article B2 stored in the first container C1b. As aresult,
the instruction device 90 transmits an instruction to the
second transfer robot 22 to transfer a second container
C2b to a second loading platform 42b. The transfer of
the first container C1b and the transfer of the second
container C2b are performed in parallel with the picking
of the article B1.

[0067] Asillustratedin FIG. 11D, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B2 stored in the first container C1b to the sec-
ond container C2a. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1a to the first mobile robot 11a. The
transfer of the first container C1a is performed in parallel
with the picking of the article B2. Also, the instruction
device 90 transmits an instruction to the first mobile robot
11a to transport the container group including the first
container C1a out of the location at which the first loading
platform 41ais installed.

[0068] Asillustratedin FIG. 12A, the instruction device
90 transmits an instruction to the first transfer robot 21
to transfer the first container C1c to the first loading plat-
form 41a. Also, the instruction device 90 transmits an
instruction to the second transfer robot 22 to transfer the
second container C2a storing the articles B1 and B2 to
the second mobile robot 12. The instruction device 90
transmits an instruction to the picking robot 31 to move
the article B2 stored in the first container C1b to the sec-
ond container C2b. The transfer of the first container C1c
and the transfer of the second container C2a are per-
formed in parallel with the picking of the article B2. By
applying the second rule, the articles can be consecu-
tively transferred from the first container C1b to two sec-
ond containers, i.e., the second container C2a and the
second container C2b.

[0069] Asillustratedin FIG. 12B, the instruction device
90 transmits an instruction to the picking robot 31 tomove
an article B3 storedinthe firstcontainer C1cto the second
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container C2b. Also, the instruction device 90 transmits
an instruction to the first transfer robot 21 to transfer the
first container C1b to the first mobile robot 11b. The in-
struction device 90 transmits an instruction to the second
transfer robot 22 to transfer a second container C2c to
the second loading platform 42a. The transfer of the first
container C1b and the transfer of the second container
C2care performed in parallel with the picking of the article
B3.

[0070] Asillustratedin FIG. 12C, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B3 stored in the first container C1c to the sec-
ond container C2c. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
afirst container C1d to the first loading platform 41b. The
instruction device 90 transmits an instruction to the sec-
ond transfer robot 22 to transfer the second container
C2b storing the articles B2 and B3 to the second mobile
robot 12. The transfer of the first container C1d and the
transfer of the second container C2b are performed in
parallel with the picking of the article B3.

[0071] Asillustratedin FIG. 12D, the instruction device
90 transmits an instruction to the picking robot 31 to move
an article B4 stored in the first container C1d to the sec-
ond container C2c. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1c to the first mobile robot 11c. The
instruction device 90 transmits an instruction to the sec-
ond transfer robot 22 to transfer a second container C2d
to the second loading platform 42b. The transfer of the
first container C1c and the transfer of the second con-
tainer C2d are performed in parallel with the picking of
the article B4.

[0072] FIG. 13 is a timing chart showing the timing of
the processes shown in FIGS. 11A to 11D and FIGS.
12A to 12D.

[0073] InFIG. 13, the columns show the elapsed time.
The rows show the executed processing. The hatched
cells show the times at which the robots are operating.
The numbers recited in the cells show the numbers of
the first container, the second container, and the article
processed by the robots. According to the first rule, the
sequence is determined so that articles from not less
than two first containers are consecutively moved to one
second container. According to the second rule, the se-
quence is determined so that articles are consecutively
moved from one first container to multiple second con-
tainers. As a result, the standby time of the robots can
be reduced, and the throughput of the article handling is
improved.

[0074] FIGS. 14A to 14D and FIGS. 15A to 15D are
schematic views for describing a rule related to the in-
structions.

[0075] According to the third rule, the instruction of the
processing is such that, when a number (a first number)
of articles in one first container placed on the first loading
platform and assigned to be transferred to the second
container is low, the instruction causes the selection of
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another first container having more articles than the first
number assigned to be transferred to the second con-
tainer, and causes the selected other first container to
be placed on the first loading platform. The third rule will
now be described using FIGS. 14A to 15D.

[0076] The instruction device 90 refers to the article
data and the order list. The instruction device 90 deter-
mines whether or not the quantity of the same article
included in the order is one, or the quantity of the same
article included in the order is small compared to the av-
erage same-article quantity of the entire order list to be
processed. When the quantity of the same article is de-
termined to be one or less than the average, the instruc-
tion device 90 determines the processing sequence ac-
cording to the third rule so that the handling of the article
is performed in parallel with the handling of another arti-
cle. The handling of the other article is selected to be
handling of a quantity of the same article included in one
or multiple orders that is more than the handling of the
former. For example, the handling of the other article is
selected to be handling of a quantity of the same article
included in one or multiple orders that is more than the
average same-article quantity of the entire order list.
When there are multiple handling that may be selected,
the instruction device 90 determines the sequence to
make the average same-article quantity of the first con-
tainers processed simultaneously or as a pair on the first
loading platform 41 to be as uniform as possible. How-
ever, here, the same article means articles that are stored
in the first container and can be loaded on the same first
loading platform at one time. In other words, even if the
article IDs of the articles are different, the processing time
of the articles can be similarly handled as long as the
articles are stored in a container having the same con-
tainer ID.

[0077] As a result, for example, as illustrated in FIG.
14A, the first mobile robot 11a is instructed to transport
a container group including the first container C1a. The
first mobile robot 11bis instructed to transport a container
group including the first container C1b. The first mobile
robots 11a and 11b may transport shelves storing the
container groups. Here, multiple articles B1 stored in the
first container C1a are ordered, while only one article B2
stored in the first container C1b is ordered.

[0078] Asillustrated in FIG. 14B, the instruction device
90 transmits an instruction to the first transfer robot 21
to transfer the first container C1a to the first loading plat-
form 41a. The instruction device 90 transmits an instruc-
tion to the second transfer robot 22 to transfer one second
container C2a to the second loading platform 42a. The
transfer of the first container C1a and the transfer of the
second container C2a are performed in parallel.

[0079] Asillustratedin FIG. 14C, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B1 stored in the first container C1a to the sec-
ond container C2a. The instruction device 90 transmits
an instruction to the first transfer robot 21 to transfer the
first container C1b to the first loading platform 41b. The
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transfer of the first container C1b is performed in parallel
with the picking of the article B1.

[0080] Asillustratedin FIG. 14D, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B2 stored in the first container C1b to the sec-
ond container C2a. Also, the instruction device 90 trans-
mits an instruction to the second transfer robot 22 to
transfer the second container C2b to the second loading
platform 42b. The transfer of the second container C2b
is performed in parallel with the picking of the article B2.
[0081] Asillustrated in FIG. 15A, the instruction device
90 transmits an instruction to the first transfer robot 21
to transfer the first container C1b to the first mobile robot
11b. Also, the instruction device 90 transmits an instruc-
tion to the second transfer robot 22 to transfer the second
container C2a storing the articles B1 and B2 to the sec-
ond mobile robot 12. The instruction device 90 transmits
an instruction to the picking robot 31 to move the article
B1 stored in the first container C1a to the second con-
tainer C2b. The transfer of the first container C1b and
the transfer of the second container C2a are performed
in parallel with the picking of the article B2.

[0082] The instruction device 90 transmits an instruc-
tion to the first mobile robot 11b to transport the container
group including the first container C1b out of the location
at which the first loading platform 41b is installed. Also,
the instruction device 90 transmits an instruction to the
first mobile robot 11c to transport the container group
including the first container C1c to the location at which
the first loading platform 41b is installed. When the first
mobile robot 11b has stored the first container C1b on
the prescribed shelf, the instruction device 90 transmits
an instruction to the first mobile robot 11b to transport
the next container.

[0083] Asillustrated in FIG. 15B, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B1 stored in the first container C1a to the sec-
ond container C2b. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1c to the first loading platform 41b.
The instruction device 90 transmits an instruction to the
second transfer robot 22 to transfer the second container
C2c to the second loading platform 42a. The transfer of
the first container C1c and the transfer of the second
container C2c are performed in parallel with the picking
of the article B1.

[0084] Asillustratedin FIG. 15C, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B3 stored in the first container C1c to the sec-
ond container C2c. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1a to the first mobile robot 11a. The
instruction device 90 transmits an instruction to the sec-
ond transfer robot 22 to transfer the second container
C2b storing two articles B1 to the second mobile robot
12. The transfer of the first container C1a and the transfer
of the second container C2b are performed in parallel
with the picking of the article B3.
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[0085] The instruction device 90 transmits an instruc-
tion to the first mobile robot 11a to transport the container
group including the first container C1a out of the location
at which the first loading platform 41a is installed. Also,
the instruction device 90 transmits an instruction to the
first mobile robot 11b to transport the container group
including the first container C1d to the location at which
the first loading platform 41a is installed.

[0086] Asillustratedin FIG. 15D, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B3 stored in the first container C1c to the sec-
ond container C2c. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1d to the first loading platform 41a.
The instruction device 90 transmits an instruction to the
second transfer robot 22 to transfer the second container
C2d to the second loading platform 42b. The transfer of
the first container C1d and the transfer of the second
container C2d are performed in parallel with the picking
of the article B3.

[0087] FIG. 16 is a timing chart showing the timing of
the processes shown in FIGS. 14A to 14D and FIGS.
15A to 15D.

[0088] InFIG. 16, the columns show the elapsed time.
The rows show the executed processing. The hatched
cells show the times at which the robots are operating.
The numbers recited in the cells show the numbers of
the first container, the second container, and the article
processed by the robots. According to the third rule, for
example, from 30 seconds to 60 seconds, the multiple
articles B1 from the first container C1a of the first loading
platform 41a are picked to the second containers C2a
and C2b, while at the first loading platform 41b, the pick-
ing of the article B2 from the first container C1b and the
interchange with the first container C1c are performed.
Thereby, the picking is performed at each timing from 30
seconds and beyond.

[0089] Thus, by applying the third rule, the standby
time of the picking robot 31 due to the interchange of
containers, etc., can be suppressed. For example, the
transfer and picking processing can be performed without
interruption. Normally, the interchange frequency of the
first container increases when the quantity of the same
article included in the order is less than the average. A
problem is caused thereby, in that the standby time of
the picking robot 31 is increased in order to interchange
the first container atthe location at which the picking robot
31 is installed. Conversely, according to the third rule,
when a first container having a low article removal count
is placed on oneloading location of afirstloading platform
having not less than two container loading locations, a
first container that has a large article removal count is
transferred to the other loading location. The handling
throughput can be improved by performing the transfer
or picking of the first container loaded on the one loading
location before, after, or simultaneously with the transfer
or picking of the other first container loaded on the other
loading location.
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[0090] FIGS. 17A to 17D and FIGS. 18A to 18D are
schematic views for describing a rule related to the in-
structions.

[0091] Forexample,there are cases where the number
(a second number) of articles assigned to be moved to
one second container placed on the second loading plat-
form is low. According to the fourth rule, the instruction
of the processing causes the selection of another second
container having more articles than the second number
assigned to be moved fromthe first container, and causes
the other second container to be placed on the second
loading platform. The fourth rule will now be described
using FIGS. 17A to 18D.

[0092] The instruction device 90 refers to the article
data and the order list. The instruction device 90 deter-
mines whether or not the number of articles included in
the order is less than the average, or the number of ar-
ticles included in the order that can be processed at a
time is less than the average. The instruction device 90
may determine whether or not the number of articles in-
cluded in the order or the number of articles included in
the order that can be processed at a time is 1. When any
of these numbers is determined to be less than the av-
erage, the instruction device 90 determines the process-
ing sequence according to the fourth rule so that the order
can be processed by performing parallel processing of
another order having more articles that can be processed
at a time than the order. Here, particularly when there
are multiple options, the sequence is determined to make
the average same-article quantity of the second contain-
er processed simultaneously or as a pair on the second
loading platform 42 as uniform as possible. Here, the
articles that can be processed atatime means the articles
that can be picked while the second container is in a
continuous state of being loaded on the work region of
the second loading platform, etc.

[0093] As a result, for example, as illustrated in FIG.
17A, the first mobile robot 11a is instructed to transport
the container group including the first container C1a. The
first mobile robot 11b is instructed to transport the con-
tainer group including the first container C1b. The first
mobile robots 11a and 11b may transport shelves storing
the container groups.

[0094] Asillustrated in FIG. 17B, the instruction device
90 transmits an instruction to the first transfer robot 21
to transfer the first container C1a to the first loading plat-
form 41a. The instruction device 90 transmits an instruc-
tion to the second transfer robot 22 to transfer the second
container C2a to the second loading platform 42a. The
transfer of the first container C1a and the transfer of the
second container C2a are performed in parallel.

[0095] Asillustrated in FIG. 17C, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B1 stored in the first container C1a to the sec-
ond container C2a. The instruction device 90 transmits
an instruction to the first transfer robot 21 to transfer the
first container C1b to the first loading platform 41b. The
instruction device 90 transmits an instruction to the sec-
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ond transfer robot 22 to transfer the second container
C2b to the second loading platform 42b. The transfer of
the first container C1b and the transfer of the second
container C2b are performed in parallel with the picking
of the article B1. Here, multiple articles are included in
the order associated with the second container C2a,
whereas only the article B2 is included in the order as-
sociated with the second container C2b. In other words,
the number of articles included in the order associated
with the second container C2ais greater than the average
same-article quantity. The number of articles included in
the order associated with the second container C2bis 1,
and is less than the average same-article quantity.
[0096] Asillustratedin FIG. 17D, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B2 stored in the first container C1b to the sec-
ond container C2b. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1a to the first mobile robot 11a. The
transfer of the first container C1a is performed in parallel
with the picking of the article B2.

[0097] The instruction device 90 transmits an instruc-
tion to the first mobile robot 11a to transport the container
group including the first container C1a out of the location
at which the first loading platform 41a is installed. Also,
the instruction device 90 transmits an instruction to the
first mobile robot 11c to transport the container group
including the first container C1c to the location at which
the first loading platform 41a is installed.

[0098] Asillustratedin FIG. 18A, the instruction device
90 transmits an instruction to the first transfer robot 21
to transfer the first container C1c to the first loading plat-
form 41a. Also, the instruction device 90 transmits an
instruction to the second transfer robot 22 to transfer the
second container C2b storing the article B2 to the second
mobile robot 12. The instruction device 90 transmits an
instruction to the picking robot 31 to move the article B2
stored in the first container C1b to the second container
C2a. The transfer of the first container C1c and the trans-
fer of the second container C2b are performed in parallel
with the picking of the article B2.

[0099] Asillustratedin FIG. 18B, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B3 stored in the first container C1c to the sec-
ond container C2a. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1b to the first mobile robot 11b. The
instruction device 90 transmits an instruction to the sec-
ond transfer robot 22 to transfer the second container
C2c to the second loading platform 42b. The transfer of
the first container C1b and the transfer of the second
container C2c are performed in parallel with the picking
of the article B3.

[0100] The instruction device 90 transmits an instruc-
tion to the first mobile robot 11b to transport the container
group including the first container C1b out of the location
at which the first loading platform 41b is installed. Also,
the instruction device 90 transmits an instruction to a first
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mobile robot 11d to transport the container group includ-
ing the first container C1d to the location at which the
first loading platform 41b is installed.

[0101] Asillustratedin FIG. 18C, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B3 stored in the first container C1c to the sec-
ond container C2c. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1d to the first loading platform 41b.
The instruction device 90 transmits an instruction to the
second transfer robot 22 to transfer the second container
C2a storing the articles B1, B2, and B3 to the second
mobile robot 12. The transfer of the first container C1d
and the transfer of the second container C2a are per-
formed in parallel with the picking of the article B3.
[0102] Asillustratedin FIG. 18D, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B4 stored in the first container C1d to the sec-
ond container C2c. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1c to the first mobile robot 11c. The
instruction device 90 transmits an instruction to the sec-
ond transfer robot 22 to transfer the second container
C2d to the second loading platform 42b. The transfer of
the first container C1c and the transfer of the second
container C2d are performed in parallel with the picking
of the article B4.

[0103] FIG. 19 is a timing chart showing the timing of
the processes shown in FIGS. 17A to 17D and FIGS.
18A to 18D.

[0104] InFIG. 19, the columns show the elapsed time.
The rows show the executed processing. The hatched
cells are the times at which the robots are operating, and
the numbers recited in the cells show the numbers of the
first container, the second container, and the article proc-
essed by the robots. According to the fourth rule, for ex-
ample, from 30 seconds to 60 seconds, the articles B1
to B3 are picked to the second container C2a of the sec-
ond loading platform 42a, while at the second loading
platform 42b, the picking of the article B2 to the second
container C2b and the interchange of the second con-
tainer C2c are performed. Thereby, the picking is per-
formed at each timing from 30 seconds and beyond.
[0105] Thus, by applying the fourth rule, the standby
time due to the interchange of containers, etc., can be
suppressed. For example, the transfer and picking
processing can be performed without interruption. Nor-
mally, the interchange frequency of the second container
increases when the number of articles included in the
order that can be processed at a time is low, such as
when the number of articles included in the order is one,
etc. A problem is caused in that the standby time of the
picking robot 31 increases as the interchange of contain-
ers increases. Conversely, according to the fourth rule,
when a second container that has a low article picking
countis placed on one loading location of a second load-
ing platform having not less than two loading locations,
another second container having a high article picking
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count is transferred to the other loading location. The
handling throughput can be improved by performing the
transfer or picking of the second container loaded on the
one loading location before, after, or simultaneously with
the transfer or picking of the other second container load-
ed on the other loading location.

[0106] FIGS. 20A to 20D and FIGS. 21A to 21D are
schematic views for describing rules related to the in-
structions.

[0107] Inthe example shown in FIGS. 20A to 20D and
FIGS. 21A to 21D, the handling system 1 further includes
an exchange mechanism 50, a shipping mechanism 51a,
and a shipping mechanism 51b. The exchange mecha-
nism 50 interchanges the second containers. In the in-
terchange, the second container C2 is transferred be-
tween the exchange mechanism 50 and the second load-
ing platform 42. The shipping mechanisms 51a and 51b
ship the second containers C2 storing the articles. The
exchange mechanism 250 of the transfer robot 230
shown in FIGS. 6A and 6B can be used as the exchange
mechanism 50. The shipping mechanism 251 of the
transfer robot 230 can be used as the shipping mecha-
nisms 51a and 51b.

[0108] The exchange mechanism 50 interchanges the
second container according to the processing conditions
of the order. When there are many types of articles in the
order associated with one second container, there are
cases where the picking of all of the articles included in
the order will not be completed in one processing with
the second container placed on the second loading plat-
form 42. In such a case, the second container that stores
a portion of the multiple articles included in the order is
transferred from the second loading platform 42 back to
the exchange mechanism 50. Meanwhile, picking to an-
other second container is performed at the second load-
ing platform. Subsequently, the second container that is
held by the exchange mechanism 50 is returned to the
second loading platform at the timing when a first con-
tainer storing an article associated with the second con-
tainer is transported to the installation location of the first
loading platform. The picking of the remaining articles of
the order to the returned second container is restarted.
The mechanism that performs such an interchange of
the second container is the exchange mechanism 50.
The shipping mechanism 51aor 51b transports and ships
the second container for which the picking of all of the
articles included in the order is completed.

[0109] FIGS. 20A to 20D and FIGS. 21A to 21D are
schematic views for describing rules related to the in-
structions.

[0110] According to the fifth rule, the instruction of the
processing causes the first mobile robot 11 to simulta-
neously transport multiple first containers associated
with an order capable of being consecutively processed.
According to the sixth rule, the instruction device 90 de-
termines whether or not the interchange interval of one
second container by the exchange mechanism 50 is short
compared to the average interchange interval of the en-
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tire order list. The instruction of the processing according
to the sixth rule causes the selection of a second con-
tainer for which shipping processing will be performed
for the other of the second loading platform when the
interchange interval of the second container on one of
the second loading platforms is less than the average.
The fifth and sixth rules will now be described using FIGS.
20A to 21D.

[0111] The instruction device 90 refers to the article
data and the order list. According to the fifth rule, the
instruction device 90 simultaneously moves multiple first
containers that can be consecutively processed. Accord-
ing to the sixth rule, a second container that has a short
container interchange interval is assigned to be proc-
essed following a second container for which shipping
processing is to be performed. As a result, for example,
as illustrated in FIG. 20A, the multiple first mobile robots
11a and 11b are instructed to transport the multiple first
containers C1a to C1c. Here, the first mobile robot 11a
simultaneously transports the first container C1a and the
first container C1c.

[0112] Asillustrated in FIG. 20B, the instruction device
90 transmits an instruction to the first transfer robot 21
to transfer the first container C1a to the first loading plat-
form 41a. The instruction device 90 transmits an instruc-
tion to the second transfer robot 22 to transfer one second
container C2a to the second loading platform 42a.
[0113] Asillustrated in FIG. 20C, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B1 stored in the first container C1a to the sec-
ond container C2a. The transfer of the first container C1b
and the transfer of the second container C2b are per-
formed in parallel with the picking of the article B1.
[0114] Asillustrated in FIG. 20D, the instruction device
90 transmits an instruction to the picking robot 31 to move
the article B2 stored in the first container C1b to the sec-
ond container C2b. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1a to the first mobile robot 11a. An
instruction is transmitted to the shipping mechanism 51a
to transport the second container C2a out. Additionally,
an instruction is transmitted to the second transfer robot
22 to transfer the second container C2c to the second
loading platform 42b. The transfer of the first container
C1a, the second container C2a, and the second contain-
er C2c is performed in parallel with the picking of the
article B2.

[0115] Asillustrated in FIG. 21A, the instruction device
90 transmits an instruction to the first transfer robot 21
to transfer the first container C1c to the first loading plat-
form 41a. Also, the instruction device 90 transmits an
instruction to the shipping mechanism 51b to transport
the second container C2b storing the article B2 out. An
instruction is transmitted to the second transfer robot 22
to transfer the second container C2d to the second load-
ing platform 42b. Also, the instruction device 90 transmits
an instruction to the picking robot 31 to move the article
B2 stored in the first container C1b to the second con-
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tainer C2a. The transfer of the first container C1c, the
second container C2b, and the transfer of the second
container C2d are performed in parallel with the picking
of the article B2. Thus, the number of movements of the
mobile robots can be reduced. A cost reduction of the
system s possible because a few mobile robots can keep
up with the system. Also, by simultaneously shipping a
second container for which the order is completed and
transferring a second container for which the order is not
completed to the loading platform, the degree of paral-
lelism of the processing is increased, and the throughput
is improved.

[0116] Asillustrated in FIG. 21B, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B3 stored in the first container C1c to the sec-
ond container C2d. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1b to the first mobile robot 11b. The
instruction device 90 transmits an instruction to the ship-
ping mechanism 51a to transport the second container
C2c out. Aninstruction is transmitted to the second trans-
fer robot 22 to transfer a second container C2e to the
second loading platform 42a. The transfer of the first con-
tainer C1b, the second container C2c, and the second
container C2e is performed in parallel with the picking of
the article B3.

[0117] Asillustrated in FIG. 21C, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B3 stored in the first container C1c to the sec-
ond container C2e. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1d to the first loading platform 41b.
The instruction device 90 transmits an instruction to the
second transfer robot 22 to transfer the second container
C2d storing the article B3 to the exchange mechanism
50. The transfer of the first container C1d and the transfer
of the second container C2d are performed in parallel
with the picking of the article B3.

[0118] Asillustrated in FIG. 21D, the instruction device
90 transmits an instruction to the picking robot 31 tomove
the article B4 stored in the first container C1d to the sec-
ond container C2e. Also, the instruction device 90 trans-
mits an instruction to the first transfer robot 21 to transfer
the first container C1c to the first mobile robot 11c. The
instruction device 90 transmits an instruction to the sec-
ond transfer robot 22 to transfer a second container C2f
to the second loading platform 42b. The transfer of the
first container C1c and the transfer of the second con-
tainer C2f are performed in parallel with the picking of
the article B4.

[0119] FIG. 22 is a timing chart showing the timing of
the processes shown in FIGS. 20A to 20D and FIGS.
21A to 21D.

[0120] InFIG. 22, the columns show the elapsed time.
The rows show the executed processing. The hatched
cells are the times at which the robots are operating, and
the numbers recited in the cells show the numbers of the
first container, the second container, and the article proc-
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essed by the robots.

[0121] Thus, by applying the fifth and sixth rules, the
call count of the first mobile robot can be reduced, and
the standby time due to the interchange of containers,
etc., can be suppressed. For example, the transfer and/or
picking processing can be performed without interrup-
tion. Normally, when the number of the first mobile robots
11 is small with respect to the number of orders, the first
mobile robots cannot keep up with the calls; and standby
time occurs. Also, when the interchange frequency of the
second container is high, the processing of the exchange
mechanism 50 takes time, which undesirably increases
the standby time of the other robots. Conversely, accord-
ing to the fifth rule, multiple first containers associated
with an order capable of being consecutively processed
are simultaneously transported. Also, according to the
sixth rule, when a second container has a short inter-
change interval, the processing is performed by transfer-
ring a second container for which shipping processing
will be performed to the other of the second loading plat-
form. As a result, the throughput of the article sorting can
be improved.

[0122] FIG. 23 is a timing chart when the fifth rule and
the sixth rule are not applied.

[0123] InFIG. 23, the columns show the elapsed time.
The rows show the executed processing. The hatched
cells are the times at which the robots are operating, and
the numbers recited in the cells show the numbers of the
first container, the second container, and the article proc-
essed by the robots. In the flowchart illustrated in FIG.
22, picking is performed at each time from 30 seconds
to 80 seconds, whereas in the flowchartillustrated in FIG.
23, the picking robot 31 is standing by at 50 seconds and
70 seconds. Thus, it can be seen that when the rules are
not applied, much standby time of the picking robot oc-
curs, and the article processing count per unit time, i.e.,
the throughput, is reduced.

Examples

[0124] FIG. 24 is a schematic view showing a specific
example of the handling system according to the embod-
iment.

[0125] InFIG.24, multiple shelves Aare placedin each
storage area. According to a command from the instruc-
tion device 90, the first mobile robot 11 transports one of
the shelves A to the designated workstation. The work-
stations include multiple workstations WS1 at which
workers W work, and multiple workstations WS2 at which
robots work. In the workstation WS2 at which the robots
work, thefirst transfer robot 21 transfers the first container
C1 from the transported shelf A to the first loading plat-
form 41 which is a part of the first transfer robot 21. In
the workstation WS2, the second transfer robot 22 trans-
fers the second container C2 from the exchange mech-
anism 50, which is a part of the second transfer robot 22,
to the second loading platform 42. The picking robot 31
picks an article from the first container C1 placed on the
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first loading platform 41 to the second container C2
placed on the second loading platform 42. The second
container C2 for which the picking is completed is trans-
ferred to a shipping mechanism 51 and is transported to
a pickup point by the second mobile robot 12.

[0126] Accordingtothe example,the transferrobot220
shown in FIGS. 5A and 5B is used as the first transfer
robot 21. The transfer robot 230 shown in FIGS. 6A and
6B is used as the second transfer robot 22. The shipping
mechanism 251 and the exchange mechanism 250 of
the transfer robot 230 are respectively used as the ship-
ping mechanism 51 and the exchange mechanism 50.
[0127] FIG. 25 is a schematic view showing a specific
configuration of the instruction device of the handling sys-
tem according to the example.

[0128] The instruction device 90 includes arobotgroup
controller 91, a robot group controller 92, a warehouse
manager 93, an equipment execution controller 94, a
workstation controller 95, and a database manager 96.
A controller 11p controls the first mobile robot 11. The
robot group controller 91 is connected with the controllers
11p and controls the multiple first mobile robots 11. A
controller 12p controls the second mobile robot 12. The
robot group controller 92 is connected with the controllers
12p and controls the multiple second mobile robots 12.
The warehouse manager 93 integrates and manages the
inventory status of articles in the warehouse, the process-
ing of orders, etc. The equipment execution controller 94
controls multiple pieces of equipment inside the ware-
house and enables the equipment to operate with coop-
eration. The workstation controller 95 controls the equip-
ment of the workstations. The workstation controller 95
is connected with a controller 21p controlling the first
transfer robot 21, a controller 22p controlling the second
transfer robot 22, and a controller 31p controlling the pick-
ing robot 31. Thereby, the workstation controller 95 con-
trols the equipmentinstalled in the workstation. The work-
station controller 95 also is connected with a display and
an 1/O controller 35. The display and the 1/0O controller
35 perform information transmission with the terminal de-
vice of a worker, equipment control of safety systems,
etc. The database manager 96 manages data such as
order management data, article management data, shelf
management data, equipment data, operational status
data, etc.

[0129] FIG. 26 is a flowchart showing processing ac-
cording to the handling system according to the example.
[0130] The handling system 1 starts handling in re-
sponse to an external order. In a first step S1-1, the in-
struction device 90 generates a processing list of the ar-
ticles based on the order and information of the database.
The information of the referenced database is the article
management data D1 as well as the shelf management
data S1, functional data of various robots, operational
status data of various robots, etc. In a second step S1-2,
the first mobile robot 11 transports the designated shelf
to the workstation WS2 according to the instruction of
the instruction device 90. In a third step S1-3, the second
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container C2 that is designated by the instruction device
90 is removed from the storage part of the exchange
mechanism 50 onto the second loading platform 42 by
the second transfer robot 22. At this time, a second con-
tainer to which an ID has already been assigned may be
removed. An empty second container may be removed
and numbered with a label and the like, or a new ID for
processing may be assigned to an existing number.
[0131] In a fourth step S1-4, the designated first con-
tainer C1 is removed from the shelf A transported by the
first mobile robot 11 onto the first loading platform 41 by
the first transfer robot 21. In a fifth step S1-5, the picking
robot 31 removes the designated article from the desig-
nated first container C1 loaded on the first loading plat-
form 41. In a sixth step S1-6, the picking robot 31 stores
the removed article in the designated second container
C2. In a seventh step S1-7, the instruction device 90 de-
termines whether or not the picking of the articles from
the first container C1 of the first loading platform 41 to
the second container C2 of the second loading platform
42 is complete. When pickable articles exist, the flow
proceeds to the fifth step S1-5. If the picking of the articles
is complete, the flow proceeds to an eighth step S1-8.
[0132] In the eighth step S1-8, the first transfer robot
21 transfers the first container C1 from the first loading
platform 41 to the shelf A. In a ninth step S1-9, the second
transfer robot 22 exchanges the second container C2 of
the second loading platform 42 or uses the shipping
mechanism 51 to ship the second container C2. In a tenth
step S1-10, the first mobile robot 11 transports the shelf
A to which the first container C1 was returned to the pre-
scribed shelf installation position or other workstation ac-
cording to the instruction of the instruction device 90. In
an eleventh step S1-11, the instruction device 90 deter-
mines whether or not all of the processing is complete.
The processing ends when all of the processing is deter-
mined to be complete. When processing remains, the
flow proceeds to the first step S1-1, and the processing
is repeated.

[0133] FIG.27isaflowchartshowing amethod forgen-
erating the processing list.

[0134] When generating the processing list, the in-
struction device 90 receives an order list from a higher-
level system or external system in a first step S2-1.In a
second step S2-2, a processing list for sorting the articles
according to the order is generated based on the order
list and data stored in the database. The referenced data
is the article management data, the shelf management
data, etc. At this time, the instruction device 90 optimizes
the batch division, sequence, and the like of the process-
ing listbased on the equipment data, the operational sta-
tus data, etc. Here, a batch is a data set of sequential
data that is of a certain amount or is collected over a
certain period. The optimized processing list is transmit-
ted in a third step S2-3, and the processing listgeneration
ends.

[0135] FIG. 28 is a flowchart showing a method for op-
timizing the processing list.
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[0136] In a first step S3-1, the instruction device 90
analyzes the received order list and associates the order
included in the order list with the article management
data and the shelf management data. In a second step
S3-2, the instruction device 90 subdivides the associated
list into batches by time frame such as morning, after-
noon, etc., based on the shipping information. The in-
struction device 90 further subdivides the listinto batches
by workstation. At this time, the same article and the
same container are set to be processed at the same lo-
cation as much as possible, and fragile articles are as-
signed to specific workstations. In a third step S3-3, the
instruction device 90 sorts the list subdivided into batches
by first container number. In a fourth step S3-4, the sorted
list is blocked by container ID. In a fifth step S3-5, the
blocks of each first container number are analyzed and
sorted within each block.

[0137] The sorting is performed according to the fol-
lowing rules. First, the initial block is determined. Second,
a block that includes the same second container number
as a second container number of the list of the initial block
is selected as the second block. The second container
number that is included in both the initial and second
blocks is used as a base (key) to associate the initial and
second blocks. Third, when selecting the next block, a
second container number to be used as a new key is
selected from among second container numbers not
used as a base (key) in the association of the previous
blocks; and the next block is associated with the second
block by using the new key. Fourth, when there are mul-
tiple options, blocks that include multiple occurrences of
the same second container are preferentially selected;
and blocks having a high second container interchange
count or blocks having few (e.g., one) second container
are given lower priority order. Fifth, blocks that have high
second container interchange counts are includedin con-
secutive processing pairs by being arranged directly after
blocks for which the same second container can be con-
secutively processed multiple times. Sixth, small blocks
are included in consecutive processing pairs by being
arranged directly after large blocks. When there are mul-
tiple options at this time, blocks that include the same
second container number are preferentially set in pairs.
In a sixth step S3-6, large blocks are subdivided, and
small blocks are inserted between the subdivided blocks.
In a seventh step S3-7, the processing sequences inside
the blocks are sorted so that the same second container
number can be consecutively processed between the
blocks. The processing described above completes the
optimization processing of the processing list.

[0138] Although a ruled-based optimization technique
is used in the example, the list optimization may be per-
formed by optimization as a mathematical programming
problem to satisfy the first to sixth rules, or optimization
using a machine learning technique.

[0139] FIGS. 29A to 36 are data for describing a spe-
cific example of optimization.

[0140] The optimization flow of FIG. 28 will now be de-
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scribed using FIGS. 29A to 36. FIG. 29A shows an ex-
ample of an order list. FIG. 29B shows excerpt informa-
tion of article data and shelf management data extracted
from the database. In the first step S3-1, the list of FIG.
30 is generated by associating the order list with the ar-
ticle data and the managementdata. Here, the instruction
device 90 determines whether or not the same type of
article is stored in multiple locations. For example, the
article "YYYY001" is extracted. The instruction device 90
refers to the shelf ID and the like of this article and pref-
erentially selects other articles, if any, that use the same
shelf. In this case, the article "YYYY002" also is stored
in the shelf ID "AAA002". The instruction device 90 de-
cides to transfer the article "YYYY001" from the shelf of
the shelf ID "AAA002". The instruction device 90 further
analyzes the information and decides to process the or-
der "XXX0003", which has appurtenant information indi-
cating handle with care (fragile), in a batch other than the
order number "XXX0001" that includes the article
"YYYYO001". Also, the instruction device 90 decides to
process the order "XXX0007" having the afternoon ship-
ment "MARO6PM" designation and the order "XXX0008"
having products stored on another floor "2F" in batches
other than "XXX0001" and "XXX0003".

[0141] In the second step S3-2, the instruction device
90 extracts the list as batches based on the analysis re-
sults. Then, the instruction device 90 refers to the oper-
ational status data and the equipment database and de-
termines workstations usable for the processing. FIG. 31
shows one extracted batch list. FIGS. 32 and 33 show
lists in which the portions necessary for the following
processing are extracted from the data of FIG. 31. The
list of FIG. 32 shows an extracted list. FIG. 33 is a list in
which data from the list shown in FIG. 32 is extracted and
converted. In the conversion, the shelf ID and the sub-
shelf ID are combined and converted into the first con-
tainer number. The order number and the sub-number
are combined and integrated into the second container
number.

[0142] In the third step S3-3, the instruction device 90
sorts the list by the first container number. In the fourth
step S3-4, the instruction device 90 uses the first con-
tainer number to make blocks. FIG. 34A shows the block-
ing results. In the fifth step S3-5, the instruction device
90 sorts the blocks based on the rules. For example, the
instruction device 90 determines the next block based
on the second container number "XXX000101" of the
block "AAA0025". The blocks that can be associated with
the block "AAA0025" are the block "AAA0028", the block
"AAA0050", and the block "AAA0065". Among these
blocks, the block "AAA0065" includes one second con-
tainer. The interchange count of the second container of
the block "AAA0050" is 2 times. This is more than the
one interchange of the block "AAA0028" and more than
zero interchanges of the block "AAA065". Therefore, the
block "AAA0028" is selected as the next block.

[0143] Then, the instruction device 90 refers to the
block "AAA0028". In the block "AAA0028", the second
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container number "XXX000201" is not used in an asso-
ciation. The instruction device 90 determines the next
block based on the second container number
"XXX000201". Here, the block "AAA0050" that includes
many second containers "XXX000201" is selected. Thus,
the sequence is determined based on the rules. FIG. 34B
shows the determination results. The instruction device
90 also sets the block "AAA0065" having one second
container to be in a pair with the block "AAA0050" having
many second containers. FIG. 35A is a list showing the
results.

[0144] In the sixth step S3-6, the instruction device 90
subdivides the large block "AAA0050", and inserts the
small block "AAA0065". In the seventh step S3-7, the
instruction device 90 sorts the lists inside the blocks so
that the second container numbers are consecutive be-
tween the blocks. FIG. 35B shows the sorted results. The
list satisfies the first to sixth rules.

[0145] For example, the articles "YYYY001" and
"YYYYO002" respectively from the first containers
"AAA0025" and "AAA0028" placed on the first loading
platform are picked to the second container
"XXX000101". These instructions are based on the first
rule.

[0146] The articles "YYYY001" from the first container
"AAA0025" are respectively picked to the second con-
tainers "XXX000401" and "XXX000101" placed on the
second loading platform. These instructions are based
on the second rule.

[0147] The picking from the first container "AAA0065"
is performed in parallel with the picking from the first con-
tainer "AAA0050". The number of articles picked from
the first container "AAA0065" is 1. The number of articles
picked from the first container "AAA0050" is 4. These
instructions are based on the third rule.

[0148] When the first container "AAA0038" is loaded
on the firstloading platform, the number of articles picked
to the second container "XXX000501" is 1. On the other
hand, more articles, i.e., three articles, are picked from
the firstcontainers "AAA0038" and "AAA0047" to the sec-
ond container "XXX000401". These instructions are
based on the fourth rule.

[0149] The first containers "AAA0025" and "AAA0028"
both are stored in the same shelf having the shelf ID
"AAA002". The first mobile robot 11 simultaneously
transports the firstcontainers "AAA0025" and "AAA0028"
associated with an order capable of being consecutively
processed by transporting the shelf "AAA002". The in-
struction is based on the fifth rule.

[0150] Articles respectively from the first containers
"AAA0096", "AAA0038","AAA0047", and "AAA0073" are
picked to the second container "XXX000501". Compared
to the other second containers, the second container
"XXX000501" has a high interchange count to the second
loading platform. When articles are picked to the second
container "XXX000501", second containers such as
"XXX000201", "XXX000401", "XXX000601", etc., are
shipped. These instructions are based on the sixth rule.
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[0151] Efficienthandling can be realized by the instruc-
tions generated according to the first to sixth rules.
[0152] FIG. 36 shows the processing flow when the list
of FIG. 35B is used. In FIG. 36, ">>" shows the operation
of the first transfer robot 21 removing the designated first
container from the shelf. "<<" shows the operation of the
first transfer robot 21 returning the designated first con-
tainer to the shelf. In each cell of the first transfer robot
in each processing time, the upper row inside the bold
box is the first loading platform 41a. The lower row is the
first loading platform 41b. ">" shows the operation of the
second transfer robot 22 removing the designated sec-
ond container from the exchange mechanism 50. "<"
shows the operation of the second transfer robot 22 re-
turning the designated second container to the exchange
mechanism 50. In the cells of the second transfer robot
in each processing time, the upper row inside the bold
box is the second loading platform 42a. The lower row
is the second loading platform 42b. "l" shows the oper-
ation of using the shipping mechanism to ship the second
container. "Pick —»" shows the operation of moving the
article from the first container of the first loading platform
to the second container of the second loading platform.
It can be seen from FIG. 36 that the picking robot can
operate substantially without standby, and highly efficient
handling can be realized.

[0153] FIG. 37 is a schematic view illustrating a hard-
ware configuration.

[0154] For example, the instruction device 90 has the
hardware configuration illustrated in FIG. 37. A computer
500 illustrated in FIG. 37 includes a CPU 501, ROM 502,
RAM 503, a memory device 504, an input interface 505,
an output interface 506, and a communication interface
507.

[0155] The ROM 502 stores programs controlling the
operation of the computer 500. The ROM 502 stores pro-
grams necessary for causing the computer 500 to realize
the processing described above. The RAM 503 functions
as a memory region where the programs stored in the
ROM 502 are loaded.

[0156] The CPU 501 includes a processing circuit. The
CPU 501 uses the RAM 503 as work memory and exe-
cutes programs stored in at least one of the ROM 502 or
the memory device 504. When executing the programs,
the CPU 501 controls configurations via a system bus
508 and executes various processing.

[0157] The memory device 504 stores data necessary
for executing the programs and/or data obtained by ex-
ecuting the programs.

[0158] The inputinterface (I/F) 505 connects the com-
puter 500 and an input device 505a. The input I/F 505 is,
for example, a serial bus interface such as USB, etc. The
CPU 501 can read various data from the input device
505a via the input I/F 505.

[0159] Theoutputinterface (I/F)506 connects the com-
puter 500 and an output device 506a. The output I/F 506
is, for example, an image output interface such as Digital
Visual Interface (DVI), High-Definition Multimedia Inter-
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face (HDMI (registered trademark)), etc. The CPU 501
can transmit data to the output device 506a via the output
I/F 506 and cause the output device 506a to output the
data.

[0160] The communication interface (I/F) 507 con-
nects the computer 500 and a server 507a outside the
computer 500. The communication I/F 507 is, for exam-
ple, a network card such as a LAN card, etc. The CPU
501 can read various data from the server 507a via the
communication I/F 507.

[0161] The memory device 504 includes at least one
selected from a hard disk drive (HDD) and a solid state
drive (SSD). The input device 505a includes at least one
selected from a mouse, a keyboard, a microphone (audio
input), and a touchpad. The output device 506a includes
at least one selected from a monitor, a projector, and a
printer. A device such as a touch panel that functions as
both the input device 505a and the output device 506a
may be used.

[0162] According to the handling system, the instruc-
tion device, or the handling method described above, the
processing necessary for the handling of articles can be
automated, and human work can be reduced. Similar ef-
fects also can be obtained by using a program for causing
the computer to operate as the instruction device.
[0163] The processing of the various data described
above may be recorded, as a program that can be exe-
cuted by a computer, in a magnetic disk (a flexible disk,
a hard disk, etc.), an optical disk (CD-ROM, CD-R, CD-
RW, DVD-ROM, DVD =R, DVD=RW, etc.), semiconduc-
tor memory, or another non-transitory computer-reada-
ble storage medium.

[0164] For example, the information thatis recorded in
the recording medium can be read by a computer (or an
embedded system). The recording format (the storage
format) of the recording medium is arbitrary. For exam-
ple, the computer reads the program from the recording
medium and causes the CPU to execute the instructions
recited in the program based on the program. In the com-
puter, the acquisition (or the reading) of the program may
be performed via a network.

[0165] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form ofthe embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the invention.
The above embodiments can be practiced in combination
with each other.
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Claims

1.

A handling system (1), comprising:

a first mobile robot (11) transporting a first con-
tainer (C1) out of a loading location of the first
container (C1), an article (B1) being stored in
the first container (C1);

a first transfer robot (21) transferring the first
container (C1) from one of the first mobile robot
(11) or a first loading platform (41) to the other
of the first mobile robot (11) or the first loading
platform (41); and

a picking robot (31) moving the article (B1) from
the first container (C1) placed on the first loading
platform (41) to a second container (C2) placed
on a second loading platform (42).

2. Thehandling system (1) according to claim 1, further

comprising:

a second mobile robot (12) transporting the sec-
ond container; and

asecond transfer robot (22) transferring the sec-
ond container (C2) from one of the second mo-
bile robot (12) or the second loading platform
(42) to the other of the second mobile robot (12)
or the second loading platform (42).

The handling system (1) according to claim 1 or 2,
wherein

the first mobile robot (11) transports a plurality
of the first containers (C1a to C1d), and

a plurality of the articles (B1 to B4) of mutually-
different types is stored in the plurality of first
containers (C1a to C1d).

The handling system (1) according to any one of
claims 1 to 3, further comprising:

an instruction device (90) transmitting an in-
struction to the first mobile robot (11), the first
transfer robot (21), and the picking robot (31),
wherein

the instruction device (90) transmits the instruc-
tion to the first mobile robot (11) and the first
transfer robot (21) to transport, from the loading
location to the first loading platform (41), the first
container (C1) storing the article (B1) to be
moved to the second container (C2), and

the instruction device (90) transmits the instruc-
tion to the picking robot (31) to move the article
(B1) from the first container (C1) to the second
container (C2).

5. Thehandling system (1)accordingto claim 4, where-
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a plurality of the first containers (C1a to C1d)
can be loaded on the first loading platform (41),
and
a plurality of the second containers (C2a to C2f)
can be loaded on the second loading platform
(42).

The handling system (1) according to claim 5, where-
in

the instruction device (90) transmits the instruction
to move a plurality of the articles (B1 to B4) from not
less than two of the first containers (C1a to C1d) to
one of the second containers (C2a to C2f).

The handling system (1) according to claim 5 or 6,
wherein

the instruction device (90) transmits the instruction
to move a plurality of the articles (B1 to B4) from one
of the first containers (C1a to C1d) to not less than
one of the second containers (C2a to C2f).

The handling system (1) according to any one of
claims 5 to 7, wherein

a first number of the articles (B1 to B4) is to be
moved from one of the plurality of first containers
(C1ato C1d)loaded on the first loading platform
(41) to one of the plurality of second containers
(C2a to C2f), and

when the first number is less than an average
same-article quantity, the instruction device (90)
transmits the instruction to cause a number of
the articles (B1 to B4) to be moved from an other
one of the plurality of first containers (C1a to
C1D) to an other one of the plurality of second
containers (C2a to C2f) to be greater than the
first number.

9. The handling system (1) according to any one of

claims 5 to 8, wherein

a second number of the articles (B1 to B4) is to
be moved to one of the plurality of second con-
tainers (C2a to C2f), and

when the second number is less than an aver-
age same-article quantity, the instruction device
(90) transmits the instruction to load an other
one of the plurality of second containers (C2a
to C2f) on the second loading platform (42), so
that a number of the articles (B1 to B4) to be
moved to the other one of the plurality of second
containers (C2a to C2f) is greater than the sec-
ond number.

10. The handling system (1) according to any one of

claims 5 to 9, wherein

not less than two of the first containers (C1a to
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C1d) are associated with an order capable of
being consecutively processed, and

the instruction device (90) transmits the instruc-
tion to cause the first mobile robot (11) to simul-

on the second loading platform (42).

34

transfer robot (22) to transfer the second con-
tainer (C2) from one of the second mobile robot
(12) or the second loading platform (42) to the
other of the second mobile robot (12) or the sec-

taneously transport the not less than two first 5 ond loading platform (42).
containers (C1a to C1d).
14. A handling method causing a handling system (1) to
11. The handling system (1) according to any one of handle an article (B1),
claims 5 to 10, further comprising:

10 the handling system (1) including a first mobile
an exchange mechanism (50), the second con- robot (11), a first transfer robot (21), and a pick-
tainer (C2) loaded on the second loading plat- ing robot (31),
form (42) being interchanged to and from a stor- the method comprising:
age part(112) by the exchange mechanism (50),
wherein 15 causing the first mobile robot (11) to trans-
an other one of the plurality of second containers port a first container (C1) out of a loading
(C2ato C2f) is to be transported out after receiv- location of the first container (C1), the article
ing the article (B1), and (B1) being stored in the first container (C1);
when an interchange interval of the exchange causing the first transfer robot (21) to trans-
mechanism (50) for one of the plurality of second 20 fer the first container (C1) from one of the
containers (C2a to C2f) is less than an average first mobile robot (11) or a first loading plat-
interchange interval, the instruction device (90) form (41) to the other of the first mobile robot
transmits the instruction to load the other one of (11) or the first loading platform (41); and
the plurality of second containers (C2a to C2f) causing the picking robot (31) to move the

25

article (B1) from the first container (C1)
placed on the first loading platform (41) to

12. Aninstruction device (90) transmitting an instruction
to a handling system (1),

asecond container (C2) placed on a second
loading platform (42).

the handling system (1) including a first mobile 30 15. The handling method according to claim 14, wherein

robot (11), a first transfer robot (21), and a pick-
ing robot (31),

the instruction device (90) causing the first mo-
bile robot (11) to transport a first container (C1)

the handling system (1) further includes a sec-
ond mobile robot (12) and a second transfer ro-
bot (22),

out of a loading location of the first container 35 the second mobile robot (12) is caused to trans-

(C1), an article (B1) being stored in the first con- port the second container (C2), and

tainer (C1), the second transfer robot (22)is caused to trans-

the instruction device (90) causing the first trans- fer the second container (C2) from one of the

fer robot (21) to transfer the first container (C1) second mobile robot (12) or the second loading
40

from one of the first mobile robot (11) or a first
loading platform (41) to the other of the first mo-

platform (42) to the other of the second mobile
robot (12) or the second loading platform (42).

bile robot (11) or the first loading platform (41),

the instruction device (90) causing the picking
robot (31) to move the article (B1) from the first
container (C1) placed on the first loading plat- 45
form (41) to a second container (C2) placed on

a second loading platform (42).

16. A program causing a computer (500) to execute the
handling method according to claim 14 or 15.

17. A storage medium storing a program,
the program causing a computer (500) to execute
the handling method according to claim 14 or 15.
13. The instruction device (90) according to claim 12,
wherein 50

the handling system (1) further includes a sec-

ond mobile robot (12) and a second transfer ro-

bot (22),

the instruction device (1) causesthe second mo- 55
bile robot (12) to transport the second container
(C2), and

the instruction device (90) causes the second

18
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LIST SHELF  |SUB-SHELF| CONTAINER | SUB-CONTAINER | ARTICLE | ORDER SUB-
NUMBER ID ID ID ID NUMBER | NUMBER | NUMBER
1 AAAQQZ 5 BBBOOS 5 YYYYQO01 | XXX0001 01
2 AAACO2 8 BBBOO8 5 YYYY002 | XXX0001 01
3 AAAQQS 0 BBBOOO 8 YYYYQ05 | XXX0001 01
4 AAAQQ6 5 BBBOOS 2 YYYY006 | XXX0001 01
5 AAAQQ2 8 BBBOOS 5 YYYY002 | XXX0002 01
6 AAAQQS 0 BBBOOO 8 YYYY005 | XXX0002 01
7 AAAQQS 0 BBBOOO 8 YYYY005 | XXX0002 01
8 AAACQOY 6 BBBOO6 7 YYYY009 | XXX0002 01
9 AAAQO2 5 BBBOOS 5 YYYY0O01 | XXX0004 01
10 AAAQQ3 8 BBBOO1 4 YYYY003 | XXX0004 01
11 AAAQQO4 7 BBBOOO 8 YYYY004 | XXX0004 01
12 AAAQQ3 8 BBBOO1 7 YYYY103 | XXX0004 01
13 AAAQQ3 8 BBBOO1 4 YYYY003 | XXX0005 01
14 AAAQQ4 7 BBBOO7 7 YYYY004 | XXX0005 01
15 AAACO7 3 BBBOO3 4 YYYY007 | XXX0005 01
16 AAAQQS 5 BBBOOS 6 YYYY008 | XXX0005 01
17 AAAQQ9 6 BBBOO6 7 YYYY009 | XXX0005 01
18 AAAQQO4 7 BBBOO7 7 YYYY004 | XXX0006 01
19 AAAQQS 0 BBBOOO 8 YYYY005 | XXX0006 01
20 AAACOS 5 BBBOOS 6 YYYY0O08 | XXX0006 01
21 AAAQQ7 3 BBBOO3 4 YYYY007 | XXX0009 01
22 AAAQ10 3 BBBOO3 3 YYYYQ10 | XXX0009 02
23 AAAQ10 3 BBBOO3 3 YYYY010 | XXX0009 02

FIG. 32
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LIST FIRST CONTAINER | ARTICLE | SECOND CONTAINER
NUMBER NUMBER NUMBER NUMBER
1 AAAD025 YYYY001 XXX000101
2 AAA0028 YYYY002 XXX000101
3 AAAD050 YYYY005 XXX000101
4 AAAD0B5 YYYY006 XXX000101
5 AAA0028 YYYY002 XXX000201
6 AAAD050 YYYY005 XXX000201
7 AAAD050 YYYY005 XXX000201
8 AAAD096 YYYY009 XXX000201
9 AAAD025 YYYY001 XXX000401
10 AAAQ038 YYYY003 XXX000401
11 AAAQ047 YYYY004 XXX000401
12 AAAQ038 YYYY103 XXX000401
13 AAAQ038 YYYY003 XXX000501
14 AAAQ047 YYYY004 XXX000501
15 AAAQ073 YYYY007 XXX000501
16 AAAD085 YYYY008 XXX000501
17 AAAD096 YYYY009 XXX000501
18 AAAQ047 YYYY004 XXX000601
19 AAAD050 YYYY005 XXX000601
20 AAAQ085 YYYY008 XXX000601
21 AAAQ073 YYYY007 XXX000901
22 AAAQ103 YYYY010 XXX000902
23 AAAD103 YYYY010 XXX000902

FIG. 33
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